characteristics balanced aroma, dense sensation, bitterness and spicyness and is commercially relevant for its high oxidative stability. This property is related to the concentration of antioxidants in the oil 4 . The main characteristics of the cornicabra variety olive oils are: high cis-9-octadecenoic acid oleic acid content 80. 4 , low cis-9,12-octadecadienoic acid linoleic acid content 4.5 and a high level of campesterol 4 . Olive leaves have also been used for medicinal purposes 5 7 . They are rich source of phenols tyrosol, hydroxytyrosol and derivatives , phenolic acids 8, 9 caffeic, chlorogenic, gallic, ferulic , secoiridoides oleuropein, oleuroside , flavonoids 10 aromadendrine 11 , luteolin, apigenin and its derivatives, quercetin, quercitrin, rutin and verbascoside derivative 12 . Studies focused on the production of secondary metabolites in the Abstract: Olive trees are one of the most important oil crops in the world due to the sensorial and nutritional characteristics of olive oil, such as lipid composition and antioxidant content, and the medicinal properties of its leaves. In this paper, callus formation was induced using nodal segments of olive tree (Olea europaea cv cornicabra) as explants. Fatty acid profile, total phenolic compounds and total flavonoid compounds were determined in callus culture after 15 weeks and compared with leaf and nodal segments tissues. There was no statistical difference in phenolic compounds among leaf, nodal segments and callus culture, whereas flavonoid compounds were higher in leaf. Fatty acid profile was similar in leaf, nodal segments and callus culture and was constituted by hexadecanoic acid, octadecanoic acid, cis-9-octadecenoic acid, cis-9,12-octadecadienoic acid, cis- 
MATERIALS AND METHODS

Explant source and disinfection
The explants were obtained from the 6-year-old cornicabra olive tree mother plant in February 2016. Nodal segments with two buds were cut and the leaves were removed. Nodal segments of approximately 1.0 cm were submerged in 3.0 g/L Agrimicin 500 ® solution Arista life Science , mixed with 1.25 Captan ® Pfizer for 10 min and rinsed three times with sterile distilled water for 5 min. Explants were immersed in a 100 mg/L citric/ascorbic acids solution for 5 min. Afterwards they were immersed in 70 ethanol for 5 min, then in a solution of commercial sodium hypochlorite at 30 for 20 min and rinsed again three times 1 min in sterile distilled water. Lastly, they were submerged in a 100 mg/L silver nanoparticles solution AgROVIT for 30 min in constant agitation, and rinsed three times with sterile distilled water 1 min . The dissection of the explants was performed in a laminar flow hood.
Callus formation
Explants were vertically placed in 1/3 Murashige and Skoog MS medium supplemented with 5 mg/L citric/ ascorbic acids solution. As a control, 2 mg/L Zeatin Sigma ® , 2 mg/L Bencil aminopurine BAP Sigma ® and 25 mL/L coconut water were added to the medium. For treatments 1, 2 and 3, the 1/3 MS medium with citric/ ascorbic acids solution was supplemented with thidiazuron 1-phenyl-3-1,2,3-thiadiazol-5-yl urea TDZ in concentrations of 0.5, 1 and 2 mg/L, respectively. A culture vessel containing 20 mL of medium with one explant was considered as an experimental unit and the experiment was repeated ten times. The culture medium contained 30 g/L sucrose and 2.5 g/L phytagel Sigma ® . The pH was adjusted to 5.7 using 1.0 N NaOH or 1.0 N HCl as needed, before autoclaving at 121 and 1.2 kg/cm 2 pressure for 15 min.
Callus formation was evaluated after two months. The calluses were lyophilized FreeZone 4.5, Labconco, Kansas City, MO, USA at 40 0.28 mBar for 48 h 17 . Similarly, and to compare results, olive leaves and nodal segments obtained from the same site of collection as the explants were lyophilized under the same conditions.
Plant extract preparation and phenolics and flavonoids determination
The lyophilized calluses, leaves and nodal segments were finely ground, and 0.01 g of the powder was transferred to vials, with 2.0 mL of 80 v/v methanol added. The samples were wrapped in foil to avoid light degradation during extraction. The mixtures were allowed soak at room temperature for 5 days to obtain the methanolic extracts 18 .
In the case of flavonoids, the extract was done with 95 ethanol. Phenolic content was determined with the FolinCiocalteau reagent. The total phenolic content was expressed as gallic acid equivalents/100 g dry weight mg GAE/100 g DW . Total flavonoids content was determined by the aluminum trichloride colorimetric method 19 . The total flavonoids content was expressed as mg quercetin equivalents/100 g dry weight mg QE/100 g DW .
Fatty acids methyl esters FAMEs determination
Petroleum ether concentrated extracts were derivatized to produce fatty acid methyl esters FAMEs according to the procedure reported in the literature. Briefly, 100 μL of oil and 1 mL of 2 M NaOH in methanol were mixed, heated in water bath at 80 for 20 min with constant agitation. The sample was cooled and mixed with 1 mL of 14 BF 3 in methanol, and it was heated again at 80 for 20 min. Methyl esters were extracted using 1 mL n-hexane HPLC grade. The fatty acids obtained from extracts of Olea europaea calluses, leaf and nodal segments were analyzed by gas chromatography-mass spectrometry GC-MS, Agilent Technologies 7890A, Santa Clara, CA, USA with a column DB-WAXter 60 m 250 μm 0.25 μm J & W Scientific 122-7362, Agilent, Santa Clara, CA, USA . Helium was used as carrier gas to 1 mL/min, and 1 μL of FAMEs extract was injected in split mode 50:1 . The temperatures of the injector and detector were 250ºC and 230ºC respectively. The temperature conditions of the column were programmed as follows: 150ºC for 5 min, increased to 210ºC at 30ºC/min, then to 213ºC for 1 min, and finally to 225ºC for 20 min, held for 12 min. The detection was made through a mass selective detector Agilent Technologies 5975C, Santa Clara, CA, USA . Compounds in each sample were identified by comparing with mass spectra from the National Institute of Standards and Technology Library NIST05 .
Data analysis
SAS statistical software 20 was used to analyse data using a confidence limit of 95 . The linear and quadratic values of all factors and the interactions between them were tested.
RESULTS
Callus formation
Thidiazuron TDZ promoted callus formation, with the percentage increasing as TDZ concentration increased. Maximum callus formation was obtained in treatments with 2 mg/L TDZ. However, shoot induction varied inversely proportional to the TDZ concentration. The highest TDZ concentration promotes shoot induction capacity in calluses, as can be seen in Table 1 .
Phenolics and avonoids
The highest value of total phenols was found in leaf extract 31.7 mg GAE/100 g DW ; however, there was no significant difference between callus and nodal segment. A similar behavior was observed for total flavonoids: the highest value was set up in leaf extract 5.5 mg QE/100 g DW and the value established in callus extracts was negligible Table 2 .
Fatty acids pro le
Fatty acids identified in leaf, callus and nodal segments extracts were: hexadecanoic acid, octadecanoic acid, cis-9-octadecenoic acid, cis-9,12-octadecadienoic acid, and cis-9,12,15-octadecatrienoic acid. With the exception of hexadecanoic acid, fatty acids proportions in the three extracts were different. Callus extract presented the highest values of cis-9-octadecenoic acid, whereas leaf extract had the highest values in octadecanoic acid, cis-9,12-octadecadienoic acid and cis-9,12,15-octadecatrienoic acid. The extract of nodal segments showed the highest value in cis-9,12-octadecadienoic acid, as shown in Table 3 .
DISCUSSION
TDZ promoted callus formation in olive nodal segments, with the response depending on TDZ concentration. Maximum callus formation 75 was obtained with 2 mg/L TDZ. The effect of TDZ and the tissue culture process on DNA methylation has been demonstrated during callus development in blueberry hybrids 21 . DNA methylation should explain the set-up of our results in olive callus formation. Our results indicated a negative effect on shoot induction at concentrations of 2 mg/L TDZ. These results suggest that TDZ could be used for micropropagation purposes in smaller concentrations than those tested in this work, and with a different strategy. Patial et al. 22 used Picrorhiza 3 Gallic acid equivalents/g dry weight. 4 Quercetin equivalents/g dry weight.
kurroa, a western Himalayan herb, and found that maximum shoot multiplication was recorded with nodal segments pretreated with 0.5 μM TDZ for 15 days and being further transferred to 0.8 agar gelled MS medium containing 3.0 w/w sucrose.
In callus extract, a total phenolics content comparable to that of nodal segments was found. Nevertheless, total flavonoids content was not significant. Studies on accumulation of phenolic acids and flavonoids in vitro culture are scarce; however, our results differ to those tested using Schisandra chinensis in vitro culture. In that work, flavonoid accumulation was also reported 23 . These results might be explained by the oxidative stress due to environmental factors, which induces flavonoid biosynthesis 24 .
Olive callus culture produced fatty acids, and fatty acid profile varied according to plant tissue. Our results are important because they demonstrate the fatty acid production in olive callus culture for the first time. As it was demonstrated, the same fatty acids were detected in leaf, nodal segment and callus, with hexadecanoic acid presenting the highest concentration. These results are in accordance with Calophyllum brasiliense callus culture, where mainly total saturated acids such as hexadecanoic acid, followed by octadecanoic acid, were found. Likewise, the main unsaturated fatty acid was cis-9-octadecenoic acid 25 .
Results should be indicative of the same biosynthetic path for fatty acid production in three different tissues; however, the different environmental conditions in callus culture could be influential for the different proportions in fatty acids 26 . Genotype x environment interaction influenced the fatty acid profile. Additionally, there are specific fatty acid changes: for instance, cis-9-octadecenoic acid content decreased with increasing temperature during oil accumulation 27 . Our results could serve to continue studying the production of fatty acids in callus cultivation as a biotechnological tool to improve different olive cultivars. 
